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The intertidal zone is the narrow fringe of land
between the ocean and dry ground. It is essentially the
meeting place of air and water, and is a complex region,
s-o far as variation of ecological factors is concerned.
Conditions here vary rapidly both in time and within
small distances.
In terms of the substratum, intertidal habitats
can be classified into three major types: rocky shores,
sandy shores, and mud--flats. All major types may be
found close to one another and show varying degrees of
intermixing.
This narrow strip at the edge of the sea, though
covering a relatively small area, is occupied by an.
astounding variety of life. It has examples of more of
the greater groups of the animal kingdom than any other
habitat, and thus forms a natural laboratory for the
student.
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Because the tidal ranges change from day to day,
the limits of the intertidal zone are difficult to
define precisely. The intertidal zone is often taken
as the region between extreme high water and extreme
low water of spring tides (Yonge, 1949; Tait, 1968;
Newell, 1970; Eltringham, 1971). Perhaps, in a sense,
the true intertidal should be that band between high and
low water of the neap tides (Carson, 1973), an area that
is completely covered and uncovered during each tidal
cycle,
Its emersion at low water makes the intertidal
zone the most easily accessible and readily explored
section of the ocean. This ease of access is reflected
in the large amount of ecological study it has received.
During recent decades, a number of efforts have been
made in various parts of the world to survey the inter-
tidal biota and to relate the occurrence of organisms
to the diverse ecological factors, This has resulted
in a deluge of papers on the general subject of inter.
tidal ecology. Rocky shore localities have usually
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been chosen because of relatively rich development of
the fauna and the usually well-marked zonation. The
most important contributors to this literature have
been T.A. and A. Stephenson and their colleagues, who
conducted a 10-year survey (1931-1941) of the South
African intertidal region (Stephenson, 1947). The
Stephensons' scheme of universal tripartite zonation
on Hard Shores (1949) makes possible comparisons, and
reveals widespread homologies, between life forms and
biotic zones of many different sorts of shores With
some adjustment of nomenclature by Lewis (1961) the
essential concepts of the Stephenson system hold good.
Although the faunas of sandy beaches have been
rather intensively studied in parts of the European
and American coasts, they have received less world-wide
study than have rocky shores. As Eltringham (1971)
states: 'the ecology of rocky shores has been extensively
reviewed by Lewis (1964), but it is doubtful whether
sufficient data exist for a similar account to be written
about the ecology of mud and sand.'
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Ecological studies of the shores in Hong. Kong
are few. The extensive local shores have been much
neglected apart from studies of a limited number of
areas, e.g. Tai Tam Bay (Wu, 1972).
The present study aims to provide information
on the distribution pattern of the intertidal macrofauna
on selected sandy and rocky shores in the vicinity of
Tolo Harbour in Hong Kong, along with the factors
affecting their distribution,
Tolo Harbour is a large body of-water situated
in the north-east quarter of the New Territories of
Hong Kong. It has an approximate area of 52 square
kilometres. It is almost completely landlocked, having
at its eastern end a narrow channel opening to Mrs
Bay (Fig. 1.1). There is a range of mountains, up to
690 m high, running roughly parallel to the north and
south coasts and, before the construction of reservoirs
and their catchwaters, there was a considerable input
of fresh water from streams. The harbour is shallow,
with the greater part no deeper than 10 metres. The
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harbour has been reduced in size by construction of
Plover Cove Reservoir and the Shatin reclamation. Until
recently there were several estuaries around the harbour.
Several of these have now been eliminated so that
important areas of locally high productivity have
disappeared. This may have had a considerable and
continuing influence on the biology of the harbour.
Situated at the western extremities of the harbour are
two major towns, Shatin to the south and Tai Po to the
north, and the harbour receives domestic sewage effluents
from these two sources. A number of smaller towns e.g.
Ma Liu Shui and Ma On, Shan also line the harbour. The
harbour is an important fish nursery (Watson, 1973) and
also has recreational potential which will become
increasingly important.
Little is known about the harbour, and only a Smal
number of papers have published. Hwang and Kwan
(1966) collected local specimens of horseshoe-crab for
physiological studies. Tschan.g (1966) worked on the
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marine geology and Trott studied the hydrography of
the harbour (1973). Except for these peripheral studies,
this investigation was carried out without any background
of published materials.













82. GENERAL SITE DESCRIPTION
For the present project, four sites around the
shores of Tolo Harbour were chosen as follows: Railway
Beach, Sha Tin Hoi (Site I rocky; Site II sandy); Long
Harbour (Site III rocky; Site IV sandy) (Fig. 2).
2.1 Site I Railway-Beach oc Site (RB-R2 (Fig. 2.1)
The site is on the west shore of Sha Tin Hoi,
about 600 metres from the land-filling area. in its
upper reaches. The site is deep inside Sha Tin Hoi
and is therefore extremely sheltered (Grid Reference
50Q KV 127811)*.
All map references are as given by-the Universal
Transverse Mercator Grid on Sheet 2 Hong gong
1:50,000 map, Series Hg/1 Edition 2, 1972. Crown
Lands and Survey Office, P.W.D., Hong Kong Government.
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Site I is basically rocky, but near the low tide
mark, there is considerable intermixing with coarse sand.
The backshore consists of open rock surfaees,with clefts
and small tide pools. The more downshore region comprises
loose rocks overlying coarse sands. The downshore
distance is short, with about 20 metres exposed during
average low tides. The microrelief varies considerably
over short distances downshore, as well as along the
shore.
The ferry traffic in Sha Tin Hoi is comparatively
frequent, creating additional wave patterns
which may have some modifying effects on the distribution
of macr of auna in the intertidal zone.
The vegetation at the backshore consists of a
variety of vascular plants including species which are
commonly found in four distinct habitats. The shore-line
plants, sensu stricto, are represented by Hibiscus
tiliaceus, Clerodendrum inerme, Pandanus remotus,
Scaevola frutescens, and Zoysia sinica. Four characteristic
scrubland species were recorded, i.e. Millettia reticulata,
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Raphiolepis indica, Dianella cusifolia, and Arundinaria
sinica. At present, the adjacent vegetation is scrubland
so that abundant propagules would be available. Two
species were recorded which are usually found in
woodlands, namely, liriope spicata and Cnetum montana,
and it may be assumed that they are relicts which have
adapted themselves to the open habitat. Finally, the
grass Neyraudia arundinacea is found most commonly in
Hong Kong on disturbed sites. One such site (an extensive
dump of waste from an iron mine) is presert on the
opposite shore of Sha Tin Hoi.
Intertidal algae Ulva lacyuca and Colpmenia Sinuoss
appear seasonally in winter months, but are absent in
summer.
This site is easily accessible, but human
disturbance is considerably less than on the railway
Beach Sandy Site.
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2.2 Site II Railer Beach Sandy (RB-S) (Fig. 2.2)
The site is a sheltered cove in Sha Tin Hoi
(Grid Reference 50Q KV 128815). It is directly below
the University Railway Station.
The three common shore types: rocky, sandy and
muddy shores co-exist here. The backshore is principally
rocky with large boulders. There is a central intertidal
sand-flat with mud-banks on both sides. The sediment
texture is rather uniform, and occasional piece of rock
with its associated epifauna is present. Burrow-castings
are prominent over the greater part of the sand-flat,
all year round.
The area is adjacent to a water-inlet, draining
the Chung Chi River and receives varying quantities
of fresh water according to season and weather. Thus the
salinity of the region fluctuates from about 30%o to
mesohaline brackish condition of about 4%c.
Site II is easily accessible, and human visitation
is considerable and frequent. The adjacent water is a
popular recreational area, particularly for boat-rowing,
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and there is a ferry pier some 30 metres beyond. During
holidays, the general area is crowded with picnickers,
rowers, and swimmers. Human influence on this place is
therefore considerable, and there may also be impairment
of the quality of water immediately around. Dredging
of clams both for fish bait and for food is a constant
activity in this area, particularly in the more muddy
localities.
Intertidal algal vegetation is generally absent;
in winter months, scattered patches of Ulva may be
observed attaching on occasional piece of rock.
2.3 Site III Long Harbour Rocky Shore (LH-R (Fig. 2.3)
This Site III is situated in the west bank of
the eastern arm of Long Harbour (Grid Reference 50Q KV
270826). It is extremely sheltered. Water is generally
calm and only disturbed by the infrequent ferry traffic.
The site chosen is rocky in nature consisting
mainly of open rock surfaces with scattered loose rock
patches. Sand accumulates among the loose rocks towards
13
the water margin, but there is never mud here.
The upper shore merges abruptly into the ter-
restrial vegetation and the usual maritime zone is
abolished.
The slope of the beach is uniformly steep. The
downshore distance is short, at good low tides,
about 30 metres of the intertidal are exposed, and on
average tides, around 26 metres are exposed.
The first few metres are largely barren, with
occasional crabs hiding under the loose rocks. The
lower few metres show more biotic sign.
Though not devoid of litters such as broken
plastic bottles and tins etc., this site is less accessible
and is thus subject to less human disturbance than the
rocky site in Sha Tin Hoi. The very few people visiting
here regularly are mainly rural folk who come to collect
snails and rock oysters for consumption. The disturbance
caused to the ecosystem here is slight.
The vegetation along the upper shore includes
several typical shore-line plants, namely, Cnavalia
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maritima, Zoy is sinica, Pandanus tectorius, Hibiscus
tiliaceus and Clerodendrum inerme, as well as a number
of scrubland species, including Glochidion sp., Rubus
reflexus, Smilax china, and Rpphilapis indica.
The intertidal algae, present in winter, include
Ulva lactuca and Sargassum SP..
2.4 Site IV Low arbour Sand Shore (LH-S) (Fig. 2.4)
This sandy site is located in the western arm
of Long Harbour on the west bank (Grid Reference 50Q
KV 253830). It is again extremely sheltered.
The region comprises a variety of habitats
including mangroves, a sandy shore, sand-mud transition
and mudf lat.
Deposition of mud into a large mudflat and the
presence of mangroves is evidence for the high degree
of shelter here. The water is shallow and is calmer
than the corresponding rocky site (Site III), principally
because the ferry traffic ceases some hundred metres
towards the mouth of Long Harbour.
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The sampling site is an open sand strip between
two adjacent mangrove areas. The slope is very gentle,
running for some 40 metres downshore and then levels off
into the mudflats. It is principally sandy in nature,
but occasional outcrops of rock lie toward the upper
beach. The sediment texture varies considerably along
the transect, grading from coarse sand on the upper shore to
medium sand, merging to a region of intertidal sand-mud
transition, and then to the large area of subtidal mudflat.
Because of the gentle sloping, the exposed
intertidal area fluctuates much at varying stage of the
tide. During a good spring tide, as much as 60-70 metres
transect distance may be exposed, and for an average tide,
only about 35 metres of downshore distance is exposed.
This site, as with Site III, is less accessible
and is under less human influence than Sites I or II.
The quantity of human litter here is meagre, but decaying
vegetation, especially mangrove leaves is considerable.
Rock oysters are collected from the rock outcrops and
mud-clams from the soft shore by the rural folk.
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The finer sediments are constantly stirred up by
the waves and the overlying water is turbid when it
recedes to the level of the muddy region, but is clear
when it rises to the level of the sandy region.
This sampling site is clearly distinguishable
from the nearby mangrove area. Mangrove snails and others
are peculiar to the mangrove zone and are not found here.
However, invasion by the adjacent mangrove shrubs is
under way. Towards the end of the project, some mangrove
seedlings have spreaded in and established themselves
along this strip of sediment, some are successful, some
are not.
Plants recorded at site reflected the variety of
habitats in the vicinity. Four species characteristic of
mangrove were present, namely Aegiceras corniculatum,
Acanthus ilicifollluss, Pxcoecaria agallocha, and Lumitzera
racemo sa. A second group of species are typically of sandy
shores above the high water level, e.g. Scaevola sericea,
Clerodendrum inerme, Pandanus tectorius, and the small
grass Zoysia sinica. Another large grass, Neyaudia
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neyraudiania, is most often found in Hong Kong on disturbed
or recently created sites of all kinds. Finally there
is a number of scrubland species which form part of the
scrubland adjacent to the shore; the most abundant of
these are Tetracera asiatica, Atalantia buxifolia,
Rhodomyrtus tomentosa, Raphiolepis indica, and Asparagus
cochinchinenss.
18




















Fig 2.1 showing Site I (RB-R) when exposed
Fig 2.2 showing Site II (RB-S) when exposed
20
Fig 2.3 showing Site III (LH-R) when exposed




On marine beaches, the nature of substratum is of
the greatest importance in determining the nature of the
biota (Morgans It 1956 Wieser, 1959). The substratum
of the intertidal zone falls into two main categories:
one is the hard substratum and the other is designated
as either soft substratum (Morgans, 1956) or particulate
substratum (Moore, 1958 Newell, 1970). Each supports
a characteristic assemblage of organisms with the overall
nature being determined by the stability of the substratum
(Newell, 1970).
3.1.1 Hard Substratum
The solid nature of hard shores offers high
resistance to penetraace, but on the other hand, it
provides suitably stable situation for .settlement or
attachment of animals or their larvae, allowing the
establishment of an epifauna.
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3.1.2 Soft Substrata
The soft substrata, apart from supporting a
surface epifauna, can accommodate burrowing forms
making up the infauna. Moreover, the soft substrata
represent an abrupt change in environment and the faunal
assemblage changes correspondingly abruptly (Newell,
1971). Different soft substrata have different grain-
size composition (mean size, sorting, clay fraction etc.).
This textural difference causes changes in a number of
physico-chemical properties of biological importance,
which include the water content of the deposits, the
salinity and temperature of the interstitial water
(Moore, 1958), the resistance to boring (Chapman, 1949),
and the quantity of organic matter trapped in the
interstices (Chapman, 1949 Morgans, 1956 Newell, 1965
Longbottom, 1970). It is now well established that the
varying conditions of these properties have important
effects on the distribution of intertidal macroinverte-
brates (Sanders, 1958 Wieser, 1959 Longbottom, 1970).
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3.1.2.1 Organic matter content
The organic matter content is one of the major
factors governing the abundance of animals living in the
marine deposit (Southward, 1965), It determines the
adequacy of nutrients (Morgans, 1956), and by influencing
the sulphur cycle in the deposit also determine the
depth of the black sulphide layer. (Southward, 1965).
As an indication of the organic matter contents
either the organic carbon content or organic nitrogen
content may be used (Trask, 1939; Sverdrup, 1942;
Longbottom, 1970). A conversion factor is to be used
to convert the percentage of either carbon or nitrogen
to the percentage of organic matter (Trask, 1939). For
organic carbon, values from 1.67 to 2.0 have been suggested
(Morgans, 1956). Trask (1939) recommends 1.8, which




Soft sediments retain water held by capillary
action between the particles when the tide falls. This
water content is a factor of great ecological signi-
ficance on soft intertidals because the ease with which
burrowing animals can progress through the sediment is
dependent upon the amount of water present (Chapman and
Newell, 1947 Chapman, 1949 Newell, 1971). The water
content bears an intricate relationship with the particle
size and thixotropy of the soil and is found to vary
inversely with the hardness of the sediment (Eltringham,
1971).
3.1.2.3 Sulphide containing layers
The existence of characteristic layering dis-
tinguishable by colours in the marine soft sediment has
long been known (Bruce, 1928 Perkins, 1957 Fenchel and
Riedl, 1970). Traditionally, two layers were recognized:
the surface oxidized zone a dark zone at a slight but
variable depth below, called the black-layer or the
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blackened sulphide-containing layer (Bruce, 1928
Perkins, 1957. Southward, 1965). Fenchel and Riedl
(1970) recognized three distinct layers: the yellow
uppermost oxidized layer, the grey layer or redox-
potential-discontinuity layer (RPD layer), and the third
and deepest black sulphide zone. This last layer is
anaerobic and contains toxic compounds such as hydrogen
sulphide. The depths at which the layers exist depend
on the organic content, and grain size composition
(Southward, 1965 Fenchel and Riedl, 1970) and except
for significant seasonal variations t they vary only within
narrow limits at any one place and time (Eltringham,
1971 Fenchel and Riedl, 1970). The position of the
su) phide layer is a useful index when comparing conditions
on beaches (Southward, 1965). The bulk of the benthic
macrofaunal components occur above the black layer
(Emery et al., 1957 Theede et al., 1969 Odum, 1971).
With regard to macrofauna, this black layer can be
considered as azoic (Fenchel and Riedl, 1970), though
the burrows of some large macrofauna (worms, clams, and
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crabs) do extend deep into this zone (Emery et al., 1957
Odum, 1971).
3.2 Methods
3.291 Slop measurement and tidal level measurement
The intertidal slope of each sampling site was
measured using surveying poles and calculating the change
in elevation along the downshore transect, using the
Chart Datum as a reference point.
The tidal levels were determined by checking the
predicted values in the local tide table and making
calculations based on the methods and definitions as
recommended by Southward (1965) and Morton (1968).
3.2.2 Sediment collection of soft substrata
In each locality, samples of surface sediments
were taken every five metres along a line transect. The
substrate was visually checked on being scooped up and
any obvious piece of organisms removed.
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3.2.3 Mechanical analysis of soft substrate
The samples were oven-dried overnight at 105OC.
Each dried sample was passed through a series of
Endecotts BS sieves with apertures of 2400 p (mesh
no. 7), 1200 p (mesh no. 14), 600 ja (mesh no. 25),
420 p (mesh no. 36), 300 j (mesh no. 52), 210 u (mesh
no. 72) and 75 p (mesh no. 200), and silt finer than
75 ji was collected in a pan as one fraction. A
mechanical shaker was used for 30 minutes. The separated
fractions were transferred to different containers and
weighed, and the results were expressed as percentages
of the parent oven dried sample and graphically by plotting
the cumulative percentage weight against the Phi (16)
scale for the sieves used (Morgans, 1956). The median
particle diameter was calculated, and was taken as a
single-valued parameter of particle size distribution.
3.2.4 organic analysis of soft substrata
The organic carbon was analysed by the chromic
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acid wet oxidation method of Walkley Black as outlined
by Morgans (1956).
3.2.5 Moisture content of soft substrata
On all occasions, samples of surface sediments
were taken as near as possible to the time of low tide.
For samples of lower moisture content, moisture content
determinations were made in the field, using a Speedy
Moisture Tester (Thomas Ashworth Co. Ltd.). For more
moist sediments, samples were collected into tissue-culture
dishes and carefully sealed to minimize moisture escape
prior to. laboratory analysis.. A suitable quantity of
each was weighed and dried to constant, weight at 105°C.
The loss of weight represented the mater content of
each sample.
3.2.6 Depth of the water table in soft substrata
At each station, a pit was dug with a spade. After
excavation, the distance from the surface of the sand to
the level of the water which had accumgulated at the
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bottom was noted. This was done on all occasions at
the time of low tide
3.2.7Depth of the sulphide l lMer in soft substrata
Vertical cuts were made on the edges of the pit
to expose the layering. The boundary between the grey
zone and the black zone was located carefully and using
a ruler, the distance from the surface to this boundary
was measured to the nearest millimetre.
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3.3 Results
Figures 3.1-3.4 show the measured profiles of the
3
intertidal regions at the four sites* Approximations
for the slope gradients are:
Site I (RB-R) 1. 8e 9
1:103.4Site II (RB.-S)
1: 13.2Site III (LH-R)
1:33.3Site IV (LH-S)
The two soft shores possess fairly uniform and gentle
sloping downshore, while sharp irregularities are shown
in the two hard shores, and gradients are much steeper,
particularly for Site I (RB-R).
Figures 3.5.3.8 show the cumulative percentage
curves in the Phi scale constructed from particle
analysis of the soft sediments in the two soft shores.
Median particle diameters of sediments in Site II
(Table 3.1) showed a small range, from 0.40 mm to 1.12 mm.
Very coarse sand was restricted to the uppermost five
metres and the rest of the area consisted of coarse
sand and medium sand. The distribution of particle size
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was highly erratic. Sediments at Stations in the middle
region D. E, F, and H showed lower median diameters.
For stations I to K, the distribution pattern was
exceptional in the slight decrease of finer materials
towards the water margin.
The median particle diameters of soft substrates
in Site IV (LH-S) showed a greater range, from 0.47 to
1,56 mm (Table 3.2). Except for station E, the sediment
textures showed a general tendency for accumulation of
finer materials towards the low water mark. In the
Wentworth scale, the first ten metres, with medians of
1.49 mm, 1.30 mm and 1.09 mm for stations A, B and C
respectively were composed of very coarse sand; the
region between station E and I was of coarse sand and
the next ten metres of medium sand. At station E, there
.
was a local accumulation of coarse particles, bringing
the median diameter to 1.56 mm.
The depth of the sulphide layer below surface
varied considerably with the time of the year in both
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sites. In Site II (RB-S), the sulphide layer existed
at a considerable distance below the surf ace of sediments
but it generally lied near the sand surface in Site IV
(LH-S)•
In both sites, the organic contents were generally
higher for substrates with smaller median diameters.
Substrates in Site IV, with an average of 3.07%, had a
higher sediment organic content than those in Site II,
the average value of which was 2.17%.
Moisture contents of sediments in both sites
were approximately of the same order and were generally
higher for sediments more d.ownshore.
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3.4 Discussion
The profiles of the two rocky shores show
irregularities down the shore, and the microre lief
naturally creates various microhabitats, e. g. tide
pools, crevices, overhangs etc. which are sought for
by various macrobenthos in escaping environmental
extremes. The uniform sloping of the Site II and IV
has been a result of the constant sorting action of
the waves on the sediments of these two soft shores.
The two soft shores, Site II and IV, with shallow
gradients, possess comparatively wider intertidal regions.
Due to the steepness of their slopes, the littoral zones
of the two hard shores (Sites I and III) are condensed
to a relatively narrow band.
Results of the mechanical analysis show that
particles are generally finer for substrates in
Site II (RB-S). The smaller range of median diameters
indicates that the particle compositions are relatively
homogeneous over the general area. Textures are
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generally coarser for substrates of Site III (LH--S),
and a greater heterogeneity is evident from the
greater range of median diameters..
The nearness of sulphide layers to the sand
surface in LH-S could be correlated with the higher
organic contents of the sediments, resulting from the
presence of heavy plant growth in the adjacent mangrove
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Table 31 Analysis of the sediments from various stations in Site II (RB-S)
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Table 3.2 Analysis of the sediments from various stations in Site IV (LH-S)
ABC D E F GH I J K




















22.60 20.41 18.28 21.64 21.73 22.33 23.23 26.54 30.96 30.26 31.1!
1.26 1.01 2.04 2.78 1.22 3.06 3.28 4.36 3.46 5.34 5.94
30.50 23.80 19.40 15.60 17-30 15-40 14.10 12.60 6.40 5.70 3.60
14.80 3.20 0.70 0.60 0.30 0.20 0.30 0.20 0.30 0.60 0.60















































































































Depth of the water table below surface




Apart from the degree of solidarity of substratum,
many other physical and chemical factors of obvious
biological importance operate in the environmental
complex of the sea-shore, These all exert a profound
-influence upon intertidal living forms
One major physical parameter is temperature
(Orton, 1920 Gunter, 1957) which,as the most important
single factor governing the occurrence and behaviour of
life (Gunter, 1957), exerts a major control on the overall
distribution and activities of the shore organisms
(Tait, 1968). As sections of the intertidal zone are
exposed for varying lengths of time to the aerial
environmenv, it is necessary to consider not only the
seawater temperatures but also those of the air (Moore,
1958 Lewis, 1964). On rocky shores, at least, air
temperatures may even play a greater part in controlling
distribution (Lewis, 1964).
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Chemical parameters of the sea water which are of
importance to the intertidal biota include salinity, pH,
availability of dissolved oxygen, and the availability
of nitrate, phosphate and other essential nutrient
elements (Bruce, 1928).
For burrowing animals in soft deposits, the
major habitat is the mud or sand itself. Conditions
of interstitial water within the substratum should have
a more direct relevance than the overlying tidal water.
Methods for quantifying relevant hydrographical
parameters are detailed below.
4.2 Methods
4.2.1 Temperature
Temperature measurement was made using a hand-held
centigrade mercury thermometer calibrated to an accuracy
of+ 0.1 0 C.
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4.2.2 pH
Water samples were collected in screw-capped
polyethylene bottles, and subject to laboratory
measurement on a TOA w- 5A pH meter (accuracy 0.01)
to the nearest tenth of a unit.
4.2.3 Salinity
Salinity of water was measured at site, with an
A.0 refractometer (accuracy 0.5%) to the nearest
tenth part per thousand,
4.2.4 D.0
The Porneroy-Kirschman modification of the
Winkler titration (Allan Hancock Foundation, 1958
APHA, 1970) was used. Dissolved oxygen was expressed
as parts per million (ppm) and determined to the nearest
tenth part. Percentage saturation with reference to the
saturation solubility at particular temperature-salinity
Combination wRomrtecd
4.2.5 BOD5
Water sample was collected into sterilized
250 ml brown bottles. Dissolved oxygen content was
determined at the time of sampling. The loss of
oxygen was measured after incubation at 20°C for
five days to give the BOD, and was expressed both
as parts per million, and as percentage of the original
dissolved oxygen value.
4.2.6 Suspended micromatter content
A suitable quantity of collected water sample
was filtered through a weighed glass-fibre filter at
about 15w Hg pressure (w). This was dried at 75°C and
reweighed (W2). A blank correction was added to allow
for the hygroscopicity of filters (Strickland and Parsons,
1972). The dry weight of particulate material is given
by,
dry weight of micromatter
where v« volume in litres; x« blank correction.
4.2.7 321(1
For NC2~» Bendsclmeider and Robinson's modification
of Shinn's method was used, as recommended by Strickland
and Parsons (1972). The extinction of the solution, on
experimental treatment, was measured at 54-30 2. wavelength,
with a URICAM SP 500 spectrophotometer.
For R0j~ determination, the Cadmium-reduction
method of Morris and Riley, as modified by Strickland
and Parsons (1972) was used. The nitrite and nitrate
concentrations were expressed as parts per billion
(PP) and determined to the nearest tenth part.
4.2.8 Phosphate determination
The Murphy and Riley method was used, as recommended
by Strickland and Parsons (1972). Extinction was measured
at 8850 2. with a URICAM SP 500 spectrophotometer. The
phosphate concentration was expressed as parts per
billion (ppb), and determined to the nearest tenth part.
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4.2.9 Collection of interstitial water
A pit was dug with a spade in the soft substrate,
and the water that seeped in was collected as the
interstitial water (Longbottom, 1970).
51
4.3 Results
A) Tables 4.1- 4.4 show the recorded physical
and chemical parameters (including the inorganic
nutrient levels)of the shore tidal water at the four
working sites during the period of investigation.
1) Temperatures
The surface temperatures of the shore water and
the air temperatures are shown to be related at all
four sites. Their discrepancy is variable and may be
positive or negative. Over the period, shore water
surface temperatures ranged from 14.2°C-30.5°C, and
the range of air temperatures recorded is 14.7°Ca28.1°C.
Recorded air temperatures were highest in August and
lowest in December. Sea surface temperatures were
highest in June.
2) Salinity
Salinities are generally lowest in August and
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highest in March except for Site II (RB-S), which
recorded its minimum salinity in June and maximum
salinity in December.
Shore water at Site III (LH-R), with a mean of
30.12± .093%os was nearly always more saline than other
sites. It also showed the least fluctuation, within
a narrow range of 29.1--31.54 Salinities fluctuated
considerably at the other three sites, with Site II (RB-S)
showing the widest range (from 7-30.5/0) as indicated
in Figure 4.1.
3) pH
Over the period, pH measurements for Sites III
and IV are consistently high. PH values in Site IV
(LH-S) range from 8.0-8.2 (mean 8.10± 0.07), and the
range in Site III (LH-R) from 82-8.5 (mean 8.28+ 0.13).
Sites I and II show lower average pH values of 8.02+
0.16 and 7.82± 0.23, and range from 7.9-8.3, and 7.5-
8.1 respectively
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4) D.O. and 0.0. saturation
The dissolved oxygen contents of the surface
water are expressed in terms of ppm and the data are
also presented as percentage saturation relative to
the saturation solubility at particular temperature-
salinity combinations. Percentage saturation was
generally high, from 71.5% or above for all recorded
values at all sites. Supersaturation was frequently
recorded. Site III (LH-R) consistently showed the
highest oxygen saturation and had a mean of 125.74+
11.93%. Site II (RB-S) generally showed the lowest
saturation (mean 90.76+ 13.50%). Maximum D.O. content
was recorded during the colder months at both Site III
and IV.
5) BOD5
Values for the 5-day biochemical oxygen demand
of the surface water are expressed in ppm and the data
are also presented as a percentage of the original D.O.
content prior to incubation. BOD was consistently
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highest in Site II (RB-S), with a mean of 39.2+ 6.95%.
The shore waters on Site III and IV consistently showed
low BOD, with mean values of 17.74± 4.39% and 23.30±
3.57% respectively.
6) Particulate Micromatter
The levels of suspended particulate matter differed
widely from site to site and at a particular site with.
time. Quantities in the shore. water at Site III (LH-R)
are consistently low, with a mean of 14.74¢ 11.82 mg/1.
There was appreciably more suspended matter at the second
rocky site (RB-R: 54.22± 9.33). However, levels were
much higher at the two sandy sites, Site II (64-35
55.39) and Site IV (62.86 57-96).
Nitrate-Nitrogen
Nitrate-nitrogen levels of the surface water at
Site II (RB-S), with a mean of 180.28 95.02 ppb, was
always much higher than the rest. Nitrate levels at
Sites III and IV were consistently lower. The lowest
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level (2.20 ppb) was recorded at Site III (ZH-R) in
March.
8) Phoahate pho sphorus
Phosphate-phosphorus levels of the surface water
at Site II (RB-S), with a mean of 43.32 ppb 30.86,
were higher than the other stations.. Levels were
consistently lower in the water of the Long Harbour
sites. The fluctuations in concentration were generally
less than those for nitrate-nitrogen concentrations e.
B) Table 4.5 and 4.6 show data of the interstitial
waters at the two sandy sites (Sites II and IV).
Interstitial waters were very poorly oxygenated at
both sites. The salinities were fairly uniform but
deviated considerably from those of the overlying
waters. A lowering of the pH values was always recorded.
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4.4 Discussion
The purpose of the hydrographic analyses was
to establish consistent differences in the water quality
of the four experimental sites during the working
period, rather than to establish any seasonality or
cyclical sequence in the various parameters. At all
sites the tidal waters were shallow so that ambient
weather conditions would have a direct, and fairly
immediate effect.
This, coupled with 'slowness in the tidal exchange
due to the landlocked locations, could mean that the
various parameters would differ substantially in
magnitude from those of the main body of in-shore water
in Tolo Harbour.
Comparison of the hydrographic data showed that
Site II (RB-S) had the highest seawater temperature.
Furthermore, it had the lowest D.O. saturation, but the
highest mean B.O.D., particulate matter, nitrate, and
phosphate. Site I (RB-R) was next in order of magnitude
for these parameters, except for particulate matter
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which was higher at Site IV (LH-S). At Site III (LH-R)
D.O. saturation was highest, but B.O.D., particulate
matter, nitrate and phosphate were lowest of all the
four sites. Thus conditions at the four sites might be
summarized:
a) D.O. saturation and B.O.D. are inversely related,
as might be expected.
b.) Levels of B.O.D., nitrate and phosphate were highest
at the Railway Beach-Sites (RB-R and. RB-S).
c) Mean levels of particulates were generally highest
at the sandy sites (RB-S and LH-S).
The variations of air temperatures are seasonal,
are
Highest temperatureArecordedin August and lowest in
December. Surface temperatures of the shore water were
closely related to the air temperature. Due to the
heating up of rock and sand surface, the water temperatures
of the shore tend to be elevated to above the air
temperature in.the hotter months June, August and
October.
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Seasonal rainfall dilutes the shore water, and
salinities are generally lower in the wetter summer
months. In Site II (RB-S) the salinity of shore water in June
fell to a low of 7016g as a result of a heavy run-off of
fresh water from the Chung Chi River following a period
of heavy rainfall before the sampling. For Site IV
(LH-S), a generally lower salinity is predictable from
the thriving of mangroves in the neighbouring area.
Because of the good buffering capacity of sea
water, its pH is auto-regulated within a narrow range
of 8.1-8.3 (Sverdrup et al., 19LI2) as exemplified by
records from Site IV (LH-S) ranging from 8.0-8.2, and
to a lesser extent by the results from Site III (LH-R)
where the range was 8.2-8.5. This buffer capacity is,
however, disrupted in the shore waters at Site I (RB-R)
and Site II (RB--S). This disruption of buffering capacity
is indicative of a mixing of pollutants having comparatively
high acidity or basicity. The lower pH values in Site I
and II (7.9-8.3' and 7.5-8.1 respectively) thus indicate
a certain extent of pollution in the shore water of these
two areas.
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Silt stirred up by turbulence of the waves forms
the bulk of the suspended particulate micromatter in
the shore tidal water. It is thus reasonable that levels
should be higher for shore water from sandy sites than
rocky sites.
Of the four sites, Site I (RB-R) is nearest to
the land-filling area at the inner portion of the Shatin
Hoi, and is thus exposed to the possibility of massive
sediment pollution, The levels of suspended particulate
micromatter, the bulk of which being sediment materials,
however, are of' the same order as those of the rest
stations, showing that at this stage, the land-filling
activity has not yet caused much of a threat. However,
with the rapid advancement of the boundary of the laud-
filled area, no doubt, this site will soon be under
influence of massive siltation.
Dissolved oxygen content of the shore water is
subject to enrichment by turbulence of the waves. As
the D.O. content itself is influenced by salinity and
temperature, the percentage saturation seems to be a
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better presentation. Saturation values are dependent
on the physical factors of salinity and temperature,
and the actual values depend additionally on photo-
synthetic activities. The lowering of the saturation
solubility with temperature, and the strong insolation
and consequent speeding up of photosynthetic activity
are responsible for the high percentage saturation
values in summer months.
Organic wastes introduced into the shore water
are microbially decomposed oxygen being consumed in the
process. The BOD is a measure of this chemotrophic
activity. The higher BOD for shore water in Site II
(RB-S) is thus indicative of a high content of dissolved
organic matter in the sea water and a higher level of
pollution, and may account for the oxygen diminution
shown at this particular site.
Levels of inorganic nutrients in the shore tidal
water are often increased by surface run-off from the
land and by domestic effluents draining to the sea
water. Thus Site I (RB-R) and II (RB-S), being nearer
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to the populous Sha Tin Town, show much higher nitrate-
nitrogen levels than the other two sites. Phosphate-
phosphorus levels also show slight enrichment.
The results of the hydrographic analysis indicate
that water qualities in Site I (RB-R) and particularly
Site II (RB-S) with the lowering of surface-water
dissolved oxygen saturation and elevation of BOD5 and
inorganic nutrient levels, are probably less satisfactory,
and are more polluted than the two more out-lying sites
in Long Harbour.
FIG 4-1 TEMPERATURE-SALINITY HYBROCLIMOGRAPH FOR SHORE WATER









































Table 4.1 Physical and chemical data for Site I (RB-R)
Parameters 6,75 8,75 10.75 12.75 3-76 . Me an+ S«J),U-.7-3
ir temp, (°C) 27,3 28.1 26,2 17„4 18.7 23,5'!-!- .5,08sai»
3 e a ~wa t er t erap
(lS0)








•44,6 61.9 57.3 63,3 44.0 54,22-:- 9»33
Salinity(%,) 28.6 28,4 22,0 27,0 32,0 27.60+ 3,63aisia
PH
0,0, (ppm)









8.0 7.9 8,3 7.9 8.0 8,02+ 0,16«K3fl»
7.52 8.16 7.66 6,61 6.51 7,29+ 0,71
112,1 118.7 108.1 80,4 84,8 9900+19.22 ryrc
2,01 2,22 2.54- 1,63 1,92 2,22+ 0,47flsc»
37,33 27,21 33.16 24,66 29,49 30,38+ 5.01
57,8 51,9 30,5 25,1 21,2 37,30+16.49
41.6 37,4 22,9 19.0 13.9 26.96+11.98
17.6 10.3 24.2 15,8 17,5 18,68+ 3,22
Table 4.2 Physical and chemical data for Site II (RB-S)






























































































Table 4o3 Physical and chemical data for Site III (LH-R)
Parameters 6,75 8,75. 10,75 12,75 5,76 Ma,an+ s.D.
ar temp, (°C) P7.Q 27.3 22.3 Mi n 17o6 21.96+ 5.82flew.
5ea-water temp.
f°r








4.3 16.7 21.4 29,8 1.5 14.74+11.82
salinity (%e)
3.0. (ppm)
I. (1 c n tn n «4-
foLy
30.5 29,1 29.5 30.0 31.5 30.12+ 0.93taut
8,5 8.2 8.3 8,2 8,2 8.28+ 0,13car,p.
9.39 8,77 9.50 9.35 10.16 9.43+ 0.5C





































Table 4.4 Physical and chemical data for Site IV (LH-S)
Parameters 6.75 8.75 10.75 12.75 3.76 Mean+ S.D.
.ir temp. (°C)
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Despite the instability of the shore environment,
there is a richness of animal life, both in total numbers
and in species, adapted to occupy the intertidal niches.
Of the animal kingdom, the sea shore has examples of
more of the greater groups than any other habitat
(Morton, 1968-) Based on body size, the animal assem-
blage may be categorised into three groups: microfauna,
meiofauna, and macrofauna (Mare, 1942 Eltringham, 1971).
Except for shore-birds and some gobioid fishes T
marine vertebrates generally play an insignificant role
so far as shore life is concerned, and the permanent
intertidal faunal assemblage is composed predominantly
of macro-inver tebrates.
As the soft substratum can act to buffer against
temperature and salinity fluctuations as well as other
environmental stresses (Reid, 1930 Moore, 1958), the
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majority of intertidal macrofauna in sandy shores are
burrowing forms which can be recovered only by excavation.
The rocky intertidal macrofauna are benthic, but they
tend to avoid environmental severities by seeking
appropriate microhabitats; they may descend into fissures
and crevices, seek undersurface of boulders or carpet
the more favorably conditioned overhangs.
While some intertidal species are fairly uniformly
distributed, the more abundant of species tend to show
separate centres of maximum density at certain tidal
levels, giving rise to the phenomenon of intertidal
zonation (Colman, 1933 Brady, 1943). The zonal distri-
bution of intertidal animals has sometimes been described
in terms of the standard tidal levels (Gurjanova, 1958)
.This can be misleading for various reasons, and it is
now generally accepted that the littoral zone be better
described in biological terms,using the organisms
themselves as an index of the major zones (Stephenson
and Stephenson, 1949 Lewis, 1964).
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Studies of the zoning pattern of hard shores
by Stephenson and Stephenson (1949, 1950, 1952) and
Lewis (1953, 1954, 1955, 1957, 1964) established a
tripartite zonation pattern which is thought to be
universally applicable, the three basic zones being
inhabited by similar forms of life, though the actual
species may differ from one geographical region to
another.
Zonation on sandy shores is much less apparent.
Watkin (1939, 1941) showed a zoning of amphipods on the
sandy beach of Karnes Bay, Scotland. Dahl (1952)
demonstrated three zones of several species of
crustaceans on sandy shores, and put forward a scheme
of tripartite zonation, more or less equivalent to that
on rocky coasts. However, there is indication that Dahl's
hypothesis should not be taken as a universally applicable





A general faunistic survey of the various sites
was performed prior to commencement of the regular
sampling. The aim was to become familiar with the
general faunal composition, and to establish approximate
boundaries for any major intertidal zones. A small
number of representative specimens were collected for
identification.
5.2.2 quantitative study
Quantitative distribution of the intertidal
macrofauna at various levels of the beach was studied
by the method of transect and quadrats. Each site was
sampled during low tide at approximately two month
intervals.
5.2.2.1 For rocky sites
A transect line with metre-interval markers was
set downshore from the high tide level to the low tide
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level. The sites were sampled every second metre along
each transect. At each station, two quadrat frames
(0.25 m x 0.25 m) were laid down one on each side of
the trans e ct and the animals within counted and
recorded. The animals were returned to the substrate
to avoid upsetting the balance of numbers of any species
in the community and the statistical validity of sub-
sequent samples. In the case of unfamiliar species,
a few specimens were retained for identification.
5.2.2.2 For soft sites
The sites were sampled at five-metre intervals
along similar transacts to those described above.
The surface living forms within a 1/16 m2 quadrat frame
were counted and recorded. Burrowing forms were
extracted by excavation. The boundary of the quadrat
frame was marked out on the ground and the block of
deposits dug out to a spade's depth of about 25 cm.
Excavations were not carried out beyond this depth
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because errors introduced by caving-in of the sides
of the hole may become large (Brady, 1943). The block
was taken down to the water's edge and washed through
a sieve of 2 mm mesh size, using sea water. The animals
recovered were counted and recorded. Two squares were
dug at each station, and the numbers of animals calculated
to 1 square metre. Only unfamiliar animals were collected
as before, placed in 10% formalin, and taken back to the
laboratory for identification.
5.3 Results-
The intertidal macr oinvert ebrate s present in quadrat
the
samples ofA20 metre downshore transect at two metre
intervals in Site I (RB-R) are shown in Tables 5.1-5.5.
The number of animal species recorded was highest in June
with a total of 36 different species, and lowest in
December with a record of 28 species. The maximum number
of species recorded at a single station was 16 at station
H in June.
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The typical fauna in Site I (RB-R) consisted of
littorinids, byssus-attached bivalves, rock oysters,
barnacles, gastropods, decapod crustaceans, and ascidians.
Many of the macrofauna present were fastened or cemented
to the rocks, while the rest lied freely on the rock
surfaces or hid under the boulders. The most dominant
taxonomic group was the molluscs, with the gastropods
Monodonta lab o, Plan axis sulcatus and Lunella coronata
being abundant in the main tidal belt.
Littorinids were abundant in the uppershore stations
A, B and C, and represented three different species, viz.,
Littorina brevicula, Nodilittorina granularis and N.
pyramid lis. The commonest was N. gran laris, occurring
in all three stations. N. EY77amidalis was restricted to
Station A. One species of barnacle Chthamalus malayensis
was present, forming a belt which extended from Station B
to Station D. There were totally three Nerita spp. present,
namely, Nerita albicilla, N. polita and N. undatao
was
N. albicilla was rare and,,pre sent only in the June samples.
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A number of byssus-free bivalves burrowed in the. pockets
of sand accumulated between boulders, these included
Asaphis dichotoma, Circe stutzeri, Circe scripta and
Tapes sp. In partially shaded depressions, the anemone
Haliplanella luciae could be found. The bryozoan l3u ula
neritina flourished in the colder months, and was present
at the lowest station in the March sample*
Table 5.11-- 5.15 show the intertidal macroinverte-
brates present in quadrat samples of 'the 30 metre down-
shore transect at two metre intervals in Site III (LH--R).
The number of animal species recorded was highest in June
with a total of 41 different species and lowest in December
with a record of. 26 species. The maximum number of species
recorded at a single station was 19 at Station I in March.
The typical macroinvertebrates here consisted of
various types of molluscs, decapod crustaceans, sea urchins,
sea cucumber and sponges. Dominant species in this site
were the gastropod Cleomorus humilis and the topshell
Monodonta labio. Molluscs found in this rocky site included
gastropods, byssus-attached bivalves, limpets, chitons, and
sea slugs,
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Three Nerita spp. were present in this rocky site,
viz. N. albicilia, N. Eoolita, and N. undata. All. could
be found in the quadrat samples throughout the period of
investigation. N. albicilla was the least common and
was restricted to below ELWN level, and number of indivi-
duals was always small. N. undata generally occupied the
region between Stations E and H, and N. polita between
Stations D and J, they thus showed considerable overlap
in their distribution. Faunistic survey showed that
N. polita was more dominant and in fact much outnumbered
N. polital though the quadrat results could not reflect
this point. Two limpet species Cellana eucosmia and
Acmaea dorsuosa were present. The sea-slug Onchidium
verruculatum, more typical of muddy shore, was also recorded
here. This was rare and was restricted to the uppershore
Stations B and C. The Chiton Lioloplura O aponica was
limited to the middle shore and below. The majority of
bivalves present here were attached to the surface of rocks
and boulders by byssal threads, e.g. Mlus v3ridis and
Striarca symmetrica. Some byssus-free bivalves were also
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recorded, e. g. Caecella chinensis, but these were restricted
to pockets of sand accumulated among boulders and were
few in numbers and varieties.
The majority of crustaceans present in this site
were decapods, including the porcelain crab Petrolisthes
japonicus, snapping shrimp Alpheus brevicristatus, hermit
crabs, and various brachyuran crabs e.g. Hemigrapsus spp.,
and Parasesarma spp. Other crustaceans included the cypris
larvae of barnacles, the amphipod Gammarus sp., and the
isopod I,igia exotica which, though essentially supra-
littoral, might venture far and wide in search of food.
Other animal groups were less well represented. In
partially shaded depressions, the anemone Haliplanella
luciae was common. The sea-cucumber Polycheira ruf escens
could be found under stones but was restricted to the area
between Stations F to H. The sea-urchin Anthocidaris
crassispina was always rare and was restricted to the
lowest station. The marine flatworm Styl ochu s i' ami was
infrequently found in the area between Stations H and J.
79Station A, the most up shore one, was always
faunistically poorer than the others. The only species
recorded there was the supratidal isopod, Ligia exotica.
There was also a paucity in total number of both species
and individuals in Stations B and C. In terms of species
number, Stations H and Z showed the richest diversity.
Numbers of individuals supported were consistently low
for Stations A, B and C, and Station I generally supported
the highest density of individuals.
The intertidal animals collected in quadrat samplings
of 50 metre downshore trans e ct at five metre intervals in
Site II (RB-S) are shown in Tables 5.6- 5.10. The number
of species recorded was highest in March with a total of
35 different species and lowest in December with a record
of 27 species. The maximum number of species recorded at
a single station was 17 at Station I in March.
The fauna here consisted chiefly of gastropods,
bivalves and decapod crustaceans, but echiuridsand poly-
chaetes were also regularly found. Shore fish was but
poorly represented. Gastropods were conspicuous on the
8
and.
soil surface, A the other dominant groups all burrowed into
the substratum except for some crabs and crab-allies which
emergedfrom time to time. Dominant species in this
habitat included surface gastropods Batillaria cumingi
and B. zonalis, the burrowing bivalve Anomalodiscus uamosus
and the soldier crab Mictyris sp.
Figure 5.1 shows the number of species recorded
at each five-metre apart station for the various samplings.
The numbers are shown to vary from station to station, and
for each particular station, from time to time. In
general, there is a decline in the number of species in
the upper shore compared with the lower shore, and a
minimum is consistently showing in the middle of the
shore.
Station A, the most upshore one, was always
f auni st ically poorer than the other stations o The
maximum number of species recorded here was 3 in June,
and macroinvertebrate was totally absent in December.
There was also a paucity of animal species at Station B,
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though a number of animals, including the bivalve
Glauconome sinensis, the soldier crab Mictyris sp.,
made their first appearance here. Except on two occasions
in December and March, there was generally a progressive
increase in species number from Station B to Station D.
The middle stations, E and F, showed decline in diversity
in term of the species number. A progressive increase in
species number was evident from Station H to Station J,
with a drop-off at Station K.
The most dominant bivalve species was Anomalodiscus
squamosus. It generally flourished in the area between
Station D to Station K, and the range was extended to
Station C in September. Another bivalve, Glauconome
sinensis occurred with maximum density at Station D. The
barnacle Chthamalus malayensis, a species more typical of
rocky habitat, was also recorded here with the individuals
epizoic on gastropods of one kind or another, the commonest
being Anomalodiscus squamosus. The soldier crab Mictyris
sp. was the commonest of decapod crustaceans in this
habitat, and occurred in the area between Station B to
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Station G, with maximum density generally at Station D
except in December, when the density was shifted to the
next station seaward. Hermit crabs were common towards
the lower shore, though individuals occurred elsewhere*
The polychaetes showed patchy distribution, but were
usually more common towards the lower shore. The
burrowing mud-shrimp Laomedia astacina occurred in
significantly smaller numbers than most other animal
species, though specimens usually turned up at Stations
G and H. The sipunculid Sipunculus nudus was consistently
rare. The red echiurid Ochetostoma erythro,rammon was
usually abundant at Stations G and H, though its range
might extend from as far as Station B landward to Station I
seaward at various times of the year. Another unidentified
echiurid could be found, but was always rare. A species
of pinnotherid crab was occasionally recorded, and when
present, they were generally found living symbiotically in
the burrows tunnelled by Ochetostoma erythrogrammon. The
brachiopod Lingula un uis was common in the area between
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Station H and Station K, but did not occur elsewhere on
the transect. The gastropod Clithon oualaniensis showed
a peak of population in June, but the number was much
smaller in any other time with the individual scattered
irregularly over the beach.
The macroinvertebrates present in quadrat samples
of the 50 metre downshore transect at 5 metre intervals
in Site IV (LH-S) are shown in Tables 5.16- 5.20.
Maximum diversity of species was recorded in August, with
a total of 30 species, and the minimum was 14 in December.
The maximum number of species recorded at a single station
was 12 for Station F in March.
The fauna in Site IV (LH-S) consisted chiefly of
gastropods, but bivalves, decapod crustaceans, echiurids,
polychaete s, and sipunculids were regularly found o
Two species more typical of rocky habitats were
also recorded regularly, namely, Nerita undata and Lunella
coronata. Some portunid crabs, Portunus sp, were often
found in small tide-pools under rocks.
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The number of species varied from station to station,
and for each particular station, from time to time. Station
A, the most upshore station, consistently showed a paucity
of animal species in the quadrat samples, two species of
crabs were recorded, one each in June and August, but
macrofauna was totally absent in the other samplings.
From Station B to Station F, there was generally a
progressive increase in number of species with the smallest
number always at Station B except in August, and Stations
E and F were generally the most faunistically diverse of
all stations in terms of species number. The next station,
Station G generally experienced a drop-off in number
except in December. For the other stations, the numbers
of species were generally small, but the numbers of
individuals might be great for those species which were
present.
Bivalves were characteristically scarce in this
site, with only seven species recorded. The numbers
of individuals were always small, and the distribution
restricted. Anomalodiscus squamosus was poorly represented
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here. Individuals of the bivalve Gafrarium tumidum, when
present, always occurred in a well-defined zone from
Station F to Station H, with the majority recovered at
Station F to H. Gastropods became the dominant taxonomic
group here, with a total of fifteen different species
recorded. Except for Clithon oualaniensis, the change in
numbers of individual was not significant for most species
with time. -Gastropods Batillaria cumingi and Cerithidea
rhizophorarum were commonly recorded with abundance at
nearly all stations. Two gastropod species which are more
typical of rocky habitat viz. Nerita undata and Lunella
coronata were present but were irregularly distributed,
though Nerita frequently turned up at Stations C and D.
The soldier crab Mictyris sp. and burrowing mud-shrimp
Laomedia astacina were poorly represented at this site.
Mictyris sp. was recorded only on two occasions at
Station E and did not occur elsewhere on the transects.
Individuals of sipunculids were irregularly distributed
and were scarce in both the upper and the lower shores.
The brachiopod Lila un ui.s made its sole occurrence
86at Station F. Distribution of the red echiurid,
Ochetostoma erythrogrammon was restricted to the area
between Station C and Station G, and the region of
maximum density varied considerably from time to time.
Discussion
Three basic zones are easily recognizable in
Site I (RB-R). The littoral fringe extends from Station A
to Station B, and is occupied by the black lichen
Verrucaria sp littorinids of two species Nodilittorina
granularis and N. pyramidalis, as well as the sups atidal
isopod Li is exotica. Another littorinid Littorina
brevicula extends slightly more downshore. The greater
part of the remaining area constitutes the main tidal
belt or the eulitt oral zone, with barnacle sub zone
extending from Stations B to D, followed by a belt of
rock oyster Saccostrea cucullata extending to Station J.
The pearl oyster Pinctada fucata, saddle oyster Anomia
chinensis, and-the gastropod Mitrella bicincta are present
in the lower part of the oyster subzone. Two species
of limpets, Cellana eucosmia and Patelloida lentiginosa
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are present in both the barnacle belt and the oyster belt,
also present are a number of gastropods and mussels
including Lunella coronata, Planaxis sulcatus, Nerita
undata, Thais clavigera and Septifer binocularis. The
sublittoral zone begins approximately at Station K, with
the ascidians ura vittata, Styela plicata and the green
mussel Myt lus viridis as convenient indicator specieso
Mytilus viridis, however, extends upwards to the lower
part of the eulittoral zone often.
Station D, with the presence of barnacles, rock
oyster Saccostrea cucullata, limpets Acmaea dorsuosa,
Patelloida lentiginosa and Cellana eucosmia, as well as
a number of subordinate animals like the whelk Thais
clavigera and the topshell M nodonta. labio, is the most
representative area in the eulittoral zone. Station F
is generally the most faunistically diverse station in
terms of species number, and a drop-off in the number
of species and individuals is always experienced at
Station G.
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Site III (LH-R) is unusual in the occurrence of
few oysters, barnacles and littorinids in the general
area. Some littorinids of the species Nodi littorina
pyramidalis and N. granul ar is can be found' in the
neighbourhood but are absent in the transect area,
this may have been due to a general lack of suitable
microhabitats here, e.g. clefts and crevices. Empty
shells of the rock oyster Saccostrea cucullata are present
cemented on the boulders, showing traces of their former
occupation, but alive specimens are seldom found.
Barnacles at adult stage are also absent in the general
area, this poor development may be due to the extreme
shelterness of the site, and the water becomes too quiet
to create adequate feeding currents.
Due to the poor representation of the chief indicator
organisms, the three basic zones in this rocky site are
not so prominent as in the other. In the absence of these
animals, however, the zones themselves can still be
recognized. The area between Stations A and C. with the
black lichen Verrucaria sp., and the i_sopod Li is exotica,
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constitutes the littoral fringe. The eulittoral zone
occupies the main part of the remaining area, with
limpets, mussels and a variety of gastropods present,
including Lunella coronata, Monodonta labio, Nerita spp.,
Planaxis sulcatus, and Morula spp. Station D, with
sponge encrusting on the boulder surface, and the
presence of the green mussel lIytiilus viridis represents
the upper portion of the sublittoral zone.
The faunal compositions of the two rocky sites
are largely similar. Of the 42 animal species present
in Site I (RB-R) and 46 species present in Site III (LH-R)
23 species are common to the two places. The index of
similarity between the two habitats (Sorenson, 1948)
Sorenson's index of similarity (s) between two habitats
is given by s d 20
where A =no. of species in Site A
B= no. of species in Site B
C= no. of species common to both places.
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is 0.52. There is a relatively high number of molluscan
species in both habitats, most of which are gastropods
which, typically, are forms which crawl about on the
surface. The faunas at the two sites contrast chiefly
in the absence of echinoderms in Site I, but littorinids,
barnacles and oysters are well established there.
Many filter-feeding groups are present in Site I
which is nearest to the land-filled area, including
ascidians, mussels, rock oyster, pearl oyster, saddle
oyster, and acorn-barnacle. As the filter-feeders are
very susceptible to siltation due to clogging of their
feeding apparatus, their survival in this habitat
indicates that the ecosystem here remained unaffected
by sediment pollution during the period of investigation.
One feature common to the two sandy sites is the
total absence of the ghost crabs Ocypode spp. in the
upper reaches of both shores. The ghost crabs, common
in the top of sandy shores in tropical or warm-temperate
areas (Dahl, 1953), have been recorded from certain
areas in the Tolo Harbour, e.g. Ma On Shan, but are
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missing in the two sandy sites. Their absence may be
correlated with the backshore environments in the two
sites where high tides usually reach terrestrical
blockades, and a backshore escape is hardly available.
Another group under represented in the two sandy
shores is the amphipods. Strong insolation is probably
responsible for their apparent absence as they are
generally small and comparatively thin shelled and are
thus very sensitive to desiccation.
A number of organisms are present only in the
Long Harbour site. The starfish Archaster typicus. is
abundant in the shallow water and may reach as up as
the middle shore so long as the general area remains
submerged, but as they habitually retreat with the
receding tides, they are seldom found lying exposed on
the emerged intertidal region. The mudskipper Perioph -
thalmus cantonensis, an amphibious fish common in the
nearby mangrove area, can be found occasionally in the
general area, but because of their respondent escape
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when approached, these fish have not been recorded in
the quadrat samples.
A single specimen of the small kingcrab Tachypleus
tridentatus has been found shuffling under the surface
in the lower reach of. Site II.
The animal assemblage in Site IV (LH-S) is
comparatively smaller both in number of species and in
average number of individuals per square metre (Tables
5.11- '5.20). The smaller number of species indicates
a lower diversity habitat here.
The macrofaunal compositions of the two sites
show dissimilarities. Of the 41 animal species recorded
from Site II (RB-S) and 38 species recorded from Site IV
(LH-S), only 16 species are common to the two places
bringing the Sorenson' s index of similarity to the value
of 0.40. This low value of similarity is attributed
to the poor representation of bivalves in Site IV (LH-S) .
Bivalves are the most dominant group in Site II,
constituting 70.8% of the total species recorded, but
only account for 15.8% of the fauna in Site IV. Moreover,
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the bivalve fauna in both sites are dissimilar..
Anomalodiscus squamosus and Glauconome sinensis, the
two most dominant bivalves in Site II are rareties in
Site IV. The former species, common at nearly all
stations in Site II, was recorded here only twice, and
were of limited and irregular distribution Glauconome
sinensis which occurred in great abundance in Site II
was recorded here only once at one single station. The
poor representation of bivalves in Site IV (LH-S) may
be correlated with the generally shallower depths at
which the black sulphide layers occur (Tables 3.1 3.2).
The anoxic condition and the high concentration of toxic
compounds such as hydrogen sulphide in the sediments
below the sulphide layer inhibit the bivalves which,
typically are forms which burrow in the sediments.
The soldier crab Mictyris sp. is abundant in
Site II (RB-S) burrowing to a considerable depth in
sands of good drainage, but is extremely poorly represented
in Site IV (LH-S). This is probably due to the nearness
of the water table and the sulphide layers to the soil
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surface which unfavour the existence of this species
in the habitat. The brachiopod Lingula unguis and the
echiurid Ochetostoma erythrogrammon also occur less
commonly in Site IV.
Numbers of species in the two sandy sites
investigated (41 and 38 for Site II and IV respectively)
are slightly lower than but are comparable to those in
the rocky sites (42 and 46 for Site I and III). As
the variety of animal life inhabiting sandy beaches
typically is strikingly less than that of the rocky
intertidals (Dahl, 1953 Hedgpeth, 1957), the animal
assemblages in the two sandy shores investigated are thus
showing exceptional richness. This may be attributed
to the shelterness of the two sandy habitats so that
the animal assemblages in them are not -limited to
burrowing forms, and an appreciable epifauna can also
establish permanently on the sand surface.
In all the four sites investigated, molluscs
form the most dominant taxonomic group and constitute
the bulk of the macrofauna. Their heavy shells offer
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protection against mechanical injury and minimise desic-
cation the presence of a number of additional adaptive
features in various molluscs such as the operculum in
many gastropods and the suctorial foot in the limpets
and chitons also contribute-to their success in the
intertidals. In the two sandy sites, the molluscan
fauna has a higher proportion of bivalves which, typically,
are burrowing forms in the sand. In the two rocky shores,
molluscs are mostly gastropods and the typical bivalves
present are the byssus-attached mussels.
In summing up, the faunas in the sandy sites
consist of a surface-living group, chiefly gastropods,
and a burrowing assemblage comprising bivalves, brachiopods,
echiurids, sipunculids and burrowing decapod crustaceans.
In the two rocky sites, the faunas comprise an open-rock
surface assemblage and an assemblage of hidden forms
under the boulders, the crytof auna.
The average number of species and the number of
individuals present per square metre in the stations of
the two Railway Beach Sites are distinctly higher than
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those in the Long Harbour sites. The higher producti-
vities are probably a result of the constant nutrient
enrichment of the shore waters in -these habitats by
domestic sewage effluents draining into the general
area.
With the rapid advancement of the boundary of
the land-filling area, however, the highly productive
community in Site I (RB-R) will inevitably be exposed
to the danger of massive siltation and may, in all
probability, disappear eventually.
STATIONS
FIG 5.1 NO. OF SPECIES OF ANIMALS RECORCEO AT VARIOUS STATIONS OF SITE 91
rnnhi» Tbp. macrofauna collected ill Site I (RB-R) 675
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3 2 5' 10 9 14 13 16 11 12 10'
328 1450 392 848 1440 792 432 824 448 968 480
Tnble 5.2 The macrofauna collected in Site I (RB-R) 875
Stn A Stn B Stn C Stn D Stn E Stn F Stn G Stn H Stn I Stn J Stn K
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Tnhl p 3.3 The macrofpiuna collected, in Site I (RB-R) 1075
Stn A Stn B Stn C Stn D Stn E Stn F Stn G Stn H Stn I Stn J Stn K
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Table 5-4 The macrofauna collected in Site I (RB-R) 1275
Stn A Stn B Stn C Stn D Stn E Stn F Stn G Stn H Stn I Stn J Stn K
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Table 55 The macrofauna collected in Site I (RB-R) 376
Stn A Stn B Stn C Stn D Stn E S+n F Stn G Stn H Stn I Stn J Stn K
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Table 5-8 The macrofauna collected in Site II (RB-S) 1075
Stn A Stn B Stn C Stn D Stn E Stn F Stn G Stn H Stn I Stn J Stn K
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Table 5»9 The macrofauna collected in Site II (RB-S) 1275
Stn A Stn B Stn C Stn D Stn E Stn F Stn G Stn K Stn I Stn J Stn K
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TflhiP S.IO The macrofauna collected in Site II (RB-S) 376
Stn A Stn B Stn C Stn D Stn E Stn F Stn G Stn H Stn I Stn J Stn K
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96 72 52 52
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Table 5,20 The macrofauna collected in Site IV (LH-S) 376
Stn A Stn B Stn C Stn I) Stn E Stn F Stn G Stn H Stn I Stn J Stn K
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